Introduction
============

Solid tumors, as the primary cause of cancer death, have caused great societal and economic effects.[@b1-ott-11-4137] Generally, surgery is the most effective treatment for early-stage tumors, but most patients experience recurrence after radical surgery.[@b2-ott-11-4137] In recent years, the development and application of targeted drugs have enabled cancer treatment to enter the "precise" era.[@b3-ott-11-4137] In addition, the combined use of targeted therapy, immunotherapy, and traditional chemotherapy has innovated the standard treatment for many malignancies, bringing new light to patients with recurrent tumors.[@b4-ott-11-4137]

A tumor requires large amounts of oxygen and nutrients for maintaining its activity, which causes large quantities of blood vessels to develop, creating a vicious cycle.[@b5-ott-11-4137] Therefore, pathological angiogenesis is considered a hallmark of tumorigenesis, and tumor development can be curbed by blocking this process.[@b6-ott-11-4137] Vascular endothelial growth factor (VEGF) signaling is the primary rate-limiting step in angiogenesis,[@b7-ott-11-4137] which is extremely active in most tumors.[@b8-ott-11-4137],[@b9-ott-11-4137] Angiogenesis is mainly mediated by two receptor tyrosine kinases VEGFR-1 and VEGFR-2.[@b10-ott-11-4137] VEGFR-1 has a high affinity for VEGF binding, but the kinases activated by VEGFR-2 appear more energetic and contribute more to angiogenesis.[@b10-ott-11-4137],[@b11-ott-11-4137] In addition, VEGFR-1 is expressed on vascular endothelial cells as well as many other cells, such as hematopoietic stem cells, monocytes, and macrophages, but the expression of VEGFR-2 is restricted to endothelial cells.[@b8-ott-11-4137],[@b12-ott-11-4137] Therefore, VEGFR-2 is a promising antitumor target.

Apatinib mesylate is a new small-molecule tyrosine kinase inhibitor (TKI) of VEGFR-2. It can significantly inhibit the angiogenesis of neoplasms and has demonstrated tolerance, safety, and efficacy in the clinic.[@b13-ott-11-4137] To date, apatinib has been investigated in Phase I/II/III trials and has shown positive results in multiple tumors, such as gastric cancer (GC), breast cancer, lung cancer, and esophageal cancer.[@b14-ott-11-4137]--[@b21-ott-11-4137]

The therapeutic mechanism of apatinib
=====================================

During tumor formation, environmental changes such as hypoxia and genetic mutations to molecules such as *K-ras*, *p53*, or *HER2/ErbB2* induce the expression of VEGF in cancer cells.[@b22-ott-11-4137] Meanwhile, VEGFR-2 expression is also upregulated in tumor vasculature compared to the normal vascular system.[@b12-ott-11-4137],[@b23-ott-11-4137] After the binding of VEGF and VEGFR-2, the carboxyterminal TK domain of the receptor undergoes autophosphorylation, leading to downstream signaling transduction. Apatinib can block the phosphorylation of VEGFR-2 by binding its intracellular adenosine triphosphate sites, thereby restraining several signaling pathways: the Raf/MEK/Erk pathway, which results in the proliferation of endothelial cells; the p38-MAPK pathway, which stimulates the migration of endothelial cells; and the PI3K/AKT/mTOR pathway, which strengthens the survival of endothelial cells and enhances vascular permeability ([Figure 1](#f1-ott-11-4137){ref-type="fig"}).[@b12-ott-11-4137],[@b24-ott-11-4137] Additionally, the kinase activities of Ret, c-kit, and c-src have been proven to be suppressed by apatinib in vitro in enzyme experiments, but the specific mechanisms need further exploration.[@b25-ott-11-4137],[@b26-ott-11-4137] As a result, apatinib can effectively restrain proliferation, migration, and permeability of vascular endothelial cells.

Recently, many studies have shown that apatinib could directly act on tumor cells and promote their apoptosis. Apatinib mediates this process by inhibiting the PI3K/Akt signaling pathway and subsequently upregulating the expression of proapoptotic genes *Bax* and *caspase-9* and downregulating the expression of the anti-apoptotic gene *Bcl-2*. Further related mechanism research is in progress.[@b27-ott-11-4137]--[@b31-ott-11-4137] These studies may broaden the therapeutic indications for drugs and provide guidance for drug regimens.

In addition, multidrug resistance (MDR) of tumor cells is an intractable obstacle for cancer treatment.[@b32-ott-11-4137] The mechanism of MDR is sophisticated, and a study has shown that it can be ascribed to the high expression of cell membrane--bound adenosine triphosphate-binding cassette (ABC) transporters.[@b33-ott-11-4137] After the signal activates the receptor, the transporter extrudes various types of chemotherapeutic agents out of tumor cells, hence reducing the cytotoxic effect.[@b33-ott-11-4137] Not by blocking the ERK1/2 or AKT pathway or decreasing the expression of ABCB1 or ABCG2, apatinib could act directly on ABCB1 or ABCG2 and inhibit its efflux function. Thus, apatinib reverses the MDR caused by ABC proteins.[@b34-ott-11-4137] This discovery proved that apatinib combined with traditional chemotherapeutic drugs could achieve effective results and resist the emergence of MDR.

Pharmacokinetic study of apatinib
=================================

Apatinib is mainly metabolized by cytochrome P450 (CYP)3A4/5 and CYP2D6, and the major routes of apatinib bioconversion contain *E*- and *Z*-cyclopentyl-3-hydroxylation, *N*-dealkylation, pyridyl-25-*N*-oxidation, 16-hydroxylation, dioxygenation, and *O*-glucuronidation after 3-hydroxylation. Nine primary metabolites have been verified by comparing them with the reference standards (M1-1, M1-2, M1-6, M4-7, M4-8, M6-9, M6-10, M8-2, and M9-2). Patients reach the C~max~ of apatinib 2.9--4.7 hours after taking the medication. The cumulative recovery of the administered dose is 76.8%, which is mainly excreted in the feces (69.8% of the dose). Only a small proportion is eliminated via urine (7.02% of the dose). Moreover, \~59.0% of the intake dose is egested unaltered via feces and inappreciable amounts of unchanged apatinib are found in urine, which indicates that apatinib is widely metabolized in the biosystem.[@b35-ott-11-4137] These data could be used to predict potential drug interactions and pharmacokinetic variability and provide guidance for later experimental design.

A population pharmacokinetic model for apatinib was established and analyzed using data from 106 individuals, including healthy volunteers and patients with malignant tumors. The ultimate model was a two-compartment model that was composed of a complex absorption model including mixed first- and zero-order processes and first-order elimination. The absolute clearance (CL/F) of apatinib was 57.8 L/h, and its apparent volume at steady state was 112.5 L. Three factors influenced the pharmacokinetics of apatinib: dose, cancer status, and gastric surgery state. The exposure of apatinib was proportionately less than the dose increase, and the dose with a reduction in bioavailability was 766 mg. In addition, the administered dose of 425 mg twice daily appeared to have a higher exposure than the dose of 850 mg once daily.[@b36-ott-11-4137] This study provided a detailed description of the factors that influenced the metabolism of apatinib in the human body, providing guidance for subsequent medications.

A research study was implemented to assess the drug interactions of apatinib with a CYP3A4 inducer (rifampin) or a CYP3A inhibitor (itraconazole). In comparison to the single administration of apatinib, the combination of apatinib and rifampin led to a 5.6-fold absolute clearance (CL/F) and an 83% reduction in plasma area under the curve AUC~0--t~ of apatinib. On the contrary, the combination of apatinib and itraconazole decreased the absolute clearance by 40% and enhanced its AUC~0--t~ by 75%.[@b37-ott-11-4137] It proved that coadministration of apatinib with a CYP3A4 inducer had a strong influence on the pharmacokinetics of apatinib, while the CYP3A inhibitor had a weak influence. This suggests that we need to pay attention to the interaction between drugs in the formulation of future treatment plans.

The clinical research regarding apatinib
========================================

Gastric cancer
--------------

At present, the number of newly diagnosed GC patients has increased by \~679,100 each year, and GC has become the second leading primary cause of cancer death in China. Because of the low diagnosis rates, almost 80% of patients were found at advanced cancer stages.[@b38-ott-11-4137] However, even after receiving first- and second-line cytotoxic chemotherapy, many of them are not cured or relapse a few years later. At present, there are no treatment criteria for patients who have no response to second-line chemotherapy.[@b39-ott-11-4137]

In 2010, a Phase I study was conducted on apatinib, which determined the maximum tolerated dose to be 850 mg once daily. The dose-limiting toxicities were hypertension and hand--foot syndrome that occurred with administration of 1,000 mg. Pharmacokinetic analysis revealed apatinib had an early absorption with a half-life of 9 hours. A total of 37 patients were eligible to evaluate tumor response. Seven patients (18.9%) had partial response (PR) and 24 patients (64.9%) achieved stable disease (SD) with a disease control rate of 83.8% at 8 weeks.[@b40-ott-11-4137] In 2013, a subsequent Phase II study was performed enrolling 144 patients. The result demonstrated that the progression-free survival (PFS) of patients who received apatinib 850 mg once daily was 3.67 months and the PFS of patients who took 425 mg twice daily was 3.20 months, while the PFS of patients who received placebo was 1.40 months; moreover, the median overall survival (OS) was 4.83, 4.27, and 2.50 months, respectively.[@b41-ott-11-4137] These two experiments initially evaluated the efficacy and safety of apatinib in GC patients and provided the basis for the design of clinical trials and the determination of dosing schedules.

In 2016, a randomized, double-blind, placebo-controlled Phase III study for GC was carried out to assess the effectiveness and safety of apatinib. A total of 267 patients from 32 centers in China were assigned to take apatinib 850 mg or placebo once daily. The median OS of the apatinib group was 6.5 months (95% CI: 4.8--7.6), in comparison with 4.7 months (95% CI: 3.6--5.4) for the placebo group (*P*=0.0149; hazard ratio: 0.709, 95% CI: 0.537--0.937; *P*=0.0156). In addition, apatinib meaningfully prolonged the median PFS compared with placebo (2.6 vs 1.8 months; hazard ratio: 0.444, 95% CI: 0.33--0.61; *P*\<0.0001).[@b18-ott-11-4137] Furthermore, the efficacy of apatinib on OS was by prolonging PFS, rather than post-progression survival.[@b42-ott-11-4137] This experiment further proves that apatinib has a significant therapeutic effect on GC patients and has high safety, so it can be used as a drug for treating advanced GC patients.

The effectiveness of many antiangiogenic drugs for advanced GC is listed in [Table 1](#t1-ott-11-4137){ref-type="table"}. As we can see, all of them significantly improved the PFS and OS of patients. In terms of therapeutic effects (prolonged PFS and OS), multidrug combination therapy achieved better results. But compared to the control group, the effects of these programs (including ramucirumab and bevacizumab) were unsatisfactory. Among monotherapies, the average median PFS and OS were 2.4 and 6.1 months, respectively, and apatinib provided an above-average effect. As for disease control rate, apatinib, compared to its control group, was the most obvious group that could significantly control the disease. Recently, a network meta-analysis evaluated the efficacy and safety of targeted drugs (mainly including apatinib, regorafenib, rilotumumab, everolimus, bevacizumab, and sunitinib) with or without chemotherapy in advanced GC treatment and demonstrated that apatinib showed the best improvement in PFS, OS, and overall response rate.[@b43-ott-11-4137]

To find more detailed clinical effectiveness and safety of apatinib in GC, a real-world study is currently ongoing ([ClinicalTrial.gov](http://ClinicalTrial.gov) identifier NCT03333967). In addition, a series of combination drug therapies are being researched to determine the valid therapeutic method. Studies with apatinib in combination with S-1 ([ClinicalTrial.gov](http://ClinicalTrial.gov) identifier NCT03271073), XELOX ([ClinicalTrial.gov](http://ClinicalTrial.gov) identifier NCT03229096), Paclitaxel ([ClinicalTrial.gov](http://ClinicalTrial.gov) identifier NCT03144843), and SOX ([ClinicalTrial.gov](http://ClinicalTrial.gov) identifier NCT03007446) are presently underway.

Breast cancer
-------------

Breast cancer is heterogeneous in the clinic. There are three biomarkers, the expression of HER-2 and the receptors for progesterone and estrogen, which are usually used to assist in the choice of therapy. However, triple-negative breast cancer (TNBC) lacks the admitted targets for treatment. So far, several potential actionable pathways have been found in TNBC, such as the RAS/RAF/MEK pathway and the PI3K/mTOR pathway.[@b44-ott-11-4137] Based on the mechanism, apatinib could be applied in TNBC.

In 2014, a prospective, open-label, Phase II, multicenter trial was implemented to evaluate the effect and safety of apatinib monotherapy in patients with metastatic TNBC.[@b19-ott-11-4137] First, 25 patients were enrolled, who received apatinib 750 mg/day in a 4-week cycle. Then, according to toxicity response, he dose of apatinib was then adjusted to 500 mg/day. Finally, among the 56 appraisable patients, the overall response rate was 10.7% and the clinical benefit rate was 25.0%. The median OS and PFS were 10.6 (95% CI: 5.6--15.7) and 3.3 (95% CI: 1.7--5.0) months, respectively. As a result, the study recommended that a dose of 500 mg/day was suitable for metastatic TNBC.[@b19-ott-11-4137] In 2017, a non-clinical trial evaluated the potency of apatinib in metastatic breast cancer (MBC), and the result was consistent with previous reports. Moreover, it was found that preceding therapy with bevacizumab had no effect on the efficacy of apatinib.[@b45-ott-11-4137]

So far, many antiangiogenic agents have shown a disappointing effect in MBC. Sunitinib and sorafenib, VEGF receptor tyrosine kinase inhibitors, were the first batch of drugs approved for clinical use. A study reported that high doses of these receptor tyrosine kinase inhibitors could lead to metastasis in a mouse model of breast cancer;[@b46-ott-11-4137] this finding may affect the clinical application of VEGF drugs. To elucidate their mechanism, many researchers conducted experiments and found that sunitinib and sorafenib were multi-target agents, and that the acceleration process may be ascribed to off-target effects. In addition to acting on VEGFR, these drugs also acted on platelet-derived growth factor receptor and KIT, which are important mediums for the recruitment of pericytes.[@b47-ott-11-4137],[@b48-ott-11-4137] As a result, pericytes decreased and led to hypoxia-associated epithelial-to-mesenchymal transition and metastasis mediated by the Met signaling pathway.[@b49-ott-11-4137] However, apatinib has less activity toward receptors such as platelet-derived growth factor receptor and KIT.[@b25-ott-11-4137] Therefore, compared with other agents, this could be an advantage for the treatment of MBC. Currently, a prospective, multicenter, observational study of apatinib, single or combined with capecitabine, has been conducted in patients with metastatic Her-2--negative breast cancer ([ClinicalTrial.gov](http://ClinicalTrial.gov) identifier NCT03086785). This study is designed to provide further data about the effect and toxicity of apatinib. Furthermore, patients with TNBC are currently being recruited to demonstrate the antitumor activity of the combination of apatinib and paclitaxel ([ClinicalTrial.gov](http://ClinicalTrial.gov) identifier NCT03348098). A Phase II study of apatinib combined with oral vinorelbine in metastatic Her-2--negative breast cancer is also being conducted ([ClinicalTrial.gov](http://ClinicalTrial.gov) identifier NCT02768415).

Lung cancer
-----------

Lung cancer is the predominant cancer type in China,[@b1-ott-11-4137] and non-small-cell lung cancer (NSCLC) is the main histological subtype of the disease. With the increasing cognition of the molecular changes that regulate tumor progression, the management of NSCLC has totally changed. However, frequent resistance to therapy makes advanced NSCLC hard to cure.[@b50-ott-11-4137]

In 2017, apatinib was tested as a salvage therapy for patients with advanced NSCLC. Among 42 patients administered a daily dose of 500 mg, 4 patients had PR and 22 patients experienced SD with a disease response rate of 9.5% and a control rate of 61.9%; the median PFS and OS were 4.2 and 6.0 months, respectively.[@b20-ott-11-4137] The study suggested that apatinib could be used as a valid regimen for advanced NSCLC.

In NSCLC, there were \~45% patients without epidermal growth factor receptor (EGFR) mutations, and these patients were often found to have progressive disease 4--6 months after first-line treatment.[@b51-ott-11-4137] Therefore, to find a suitable second-line treatment, the trials on the treatment of EGFR wild-type lung cancer were launched.[@b52-ott-11-4137],[@b53-ott-11-4137] A group of 16 patients were enrolled and administered apatinib 250--500 mg/day. Three patients exhibited a PR, and eight patients showed SD. The response rate and control rate were 18.8% and 68.8%, respectively. The median PFS was 4.4 months.[@b52-ott-11-4137] Thus, apatinib may be a choice for EGFR wild-type patients as a second-line treatment. Presently, the wide use of EGFR-TKIs in NSCLC caused excessive EGFR-TKI resistance. Therefore, methods to combat resistance have become a study hotspot. Recently, it was confirmed that combination therapy with apatinib and other EGFR-TKIs, such as erlotinib and gefitinib, could combat acquired EGFR-TKI resistance in NSCLC.[@b54-ott-11-4137],[@b55-ott-11-4137] Therefore, apatinib is a good choice as post-second-line treatment for advanced lung cancer.

At present, the Chinese Academy of Medical Sciences is recruiting patients with small cell lung cancer for a Phase II study of apatinib as a third-line and later therapy ([Clinical-Trial.gov](http://Clinical-Trial.gov) identifier NCT02995187). In addition, the studies of apatinib plus chemotherapy vs chemotherapy alone as the first-line treatment ([ClinicalTrial.gov](http://ClinicalTrial.gov) identifier NCT03164694) and the second-line treatment ([ClinicalTrial.gov](http://ClinicalTrial.gov) identifier NCT03256721) of NSCLC are underway.

Esophageal squamous cell carcinoma
----------------------------------

Esophageal cancer is a complex disease that needs multidisciplinary therapy. The use of endoscopic procedures has improved the diagnosis and treatment of esophageal cancer. However, because the procedures are costly and often infeasible, many patients are diagnosed past the optimum stage for therapy.[@b56-ott-11-4137]

In 2017, a study reported that apatinib was effective for advanced esophageal squamous cell carcinoma (ESCC). Among 62 patients administered a dose of 500 mg/day, 15 patients had a PR and 31 patients achieved SD, representing a response rate of 24.2% and a disease control rate of 74.2%. The median PFS and OS were 3.8 and 7.0 months, respectively. Compared with second-line chemotherapy, apatinib showed a better impact on advanced ESCC.[@b21-ott-11-4137]

A study of apatinib and irinotecan combination treatment in unresectable or metastatic ESCC is currently in progress ([ClinicalTrial.gov](http://ClinicalTrial.gov) identifier NCT03251417) with the purpose of exploring the effectiveness as a second-line treatment for ESCC.

To sum up, the efficacy of apatinib in different trials is shown in [Table 2](#t2-ott-11-4137){ref-type="table"}.

The preclinical study of apatinib for other tumors
==================================================

Due to antiangiogenesis effects, apatinib could be applied for the treatment of various solid tumors. Currently, there are numerous preclinical and clinical studies looking at the efficacy and safety of apatinib.

In vitro, colon cancer cells (HCT116 and SW480) were treated with different concentrations of apatinib (0, 10, 20, 30, 40, and 50 µM). The investigator found that apatinib could not only inhibit proliferation, migration, and invasion of colon cancer cells, but also regulate the autophagy and apoptosis of the cells.[@b28-ott-11-4137]

In vivo, a murine model of nasopharyngeal carcinoma (NPC) was designed. In total, 132 nude mice, xenografted with CNE-2 NPC cells, were treated with six therapy regimens, including receiving apatinib alone and coadministration of apatinib and cisplatin (DDP), and so on. The results showed that concurrent administration of cisplatin and apatinib could treat NPC.[@b57-ott-11-4137] Therefore, patients with metastatic NPC are presently being recruited in order to assess apatinib as a maintenance therapy for NPC ([ClinicalTrial.gov](http://ClinicalTrial.gov) identifier NCT03180476).

A series of trials were designed to determine the potency of apatinib for osteosarcoma. The growth of osteosarcoma cells could be suppressed because apatinib not only leads to cycle arrest, but also causes apoptosis and autophagy of the cells. In addition, immunoprecipitation verified that VEGFR-2 is directly bound with the signal transducer and activator of transcription 3 (STAT-3). Apatinib inhibits VEGFR-2 and subsequently downregulates STAT-3 and BCL-2 in KHOS cells. The resulting low levels of VEGFR-2/STAT-3/BCL-2 led to apoptosis and autophagy of KHOS cells.[@b27-ott-11-4137] Therefore, a Phase II/III study of apatinib for advanced osteosarcoma after failure of standard multimodal therapy is underway ([ClinicalTrial.gov](http://ClinicalTrial.gov) identifier NCT02711007).

A study of apatinib for the treatment of intrahepatic cholangiocarcinoma indicated that VEGF signaling (through PI3K/Akt/mTOR) plays a role in the growth of the tumor. Apoptosis of tumor cells could be induced by blocking VEGFR-2.[@b58-ott-11-4137] Therefore, a Phase III study of second-line treatment with apatinib in patients with intrahepatic cholangiocarcinoma is presently ongoing ([ClinicalTrial.gov](http://ClinicalTrial.gov) identifier NCT03251443).

The details of the ongoing clinical trials of apatinib are shown in [Table 3](#t3-ott-11-4137){ref-type="table"}. Furthermore, there are many other trials not mentioned in this article because of space limitations. Based on the posted study results, apatinib demonstrates positive results that make it a good prospect for treatment of various cancer.

Adverse reactions to apatinib
=============================

In contrast to placebo, the primary adverse reactions (ARs) of apatinib for GC are listed in [Table 4](#t4-ott-11-4137){ref-type="table"}. Hand--foot skin reaction, hypertension, and proteinuria were the most frequent ARs of antiangiogenic drugs. However, all of the ARs could be managed by reducing the dose of apatinib.[@b18-ott-11-4137] As for other solid tumors, the ARs during treatment were analogous.[@b21-ott-11-4137],[@b54-ott-11-4137],[@b59-ott-11-4137] In comparison to ramucirumab, apatinib showed a high rate of hypertension and proteinuria, but the occurrence rate of grade 3--4 events was low.[@b18-ott-11-4137],[@b60-ott-11-4137] In view of the present reports, apatinib shows acceptable safety.

According to another study, the patients enrolled with GC always had gastric surgery, so they appeared to have lower absorption of and exposure to apatinib. However, no formal report explained the specific reason for the lower plasma concentration. However, it is known that the pharmacokinetics of apatinib in GC differs from that in other solid tumors. As a result, the dose of apatinib should be adjusted to maximize the benefits for patients with different solid tumors.[@b36-ott-11-4137]

Additionally, there are no reliable biomarkers to assess the response of apatinib in GC. A recent study analyzed the relevance between the early appearance of primary ARs and the clinical results in metastatic GC patients. The results revealed that patients who experienced ARs in the first 4 weeks achieved prolonged median OS and PFS.[@b61-ott-11-4137] Therefore, the appearance of hypertension, proteinuria, and hand--foot syndrome in the first period of therapy could also be a feasible biomarker for the effectiveness of treatment in metastatic GC patients.

Resistance of antiangiogenic drugs including apatinib
=====================================================

Antiangiogenic drugs have achieved positive effects in clinical trials; however, drug resistance (DR) remains a problem that researchers cannot avoid. DR mainly includes the following mechanisms.[@b62-ott-11-4137]

First, infiltration of tumors by different stromal cells (including immature myeloid cells, endothelial progenitor cells, or fibroblasts) can mediate resistance to VEGF-targeted drugs.[@b63-ott-11-4137]--[@b65-ott-11-4137] Second, angiogenesis is regulated by multiple pathways. Although the VEGF pathway is the most important pathway, the compensatory effects of other pathways (such as c-kit and c-src) will gradually emerge as the treatment progresses.[@b66-ott-11-4137],[@b67-ott-11-4137] Third, tumors invade surrounding host tissues and form blood vessel-like structures and connect to host blood vessels, resulting in treatment failure.[@b68-ott-11-4137],[@b69-ott-11-4137] Fourth, the VEGF signaling system is complex and consists of five related ligands and three receptors. Because agents only work on one target, the efficacy will gradually decrease as treatment continues.[@b5-ott-11-4137],[@b6-ott-11-4137],[@b70-ott-11-4137],[@b71-ott-11-4137] Currently, there are no reports about DR to apatinib, but we can improve the treatment according to the common characteristics of antiangiogenic drugs. First, we can perform preconditioning to determine whether the tumor responds to VEGF-targeted therapy. Second, we can try to combine multiple antiangiogenic drugs to comprehensively suppress tumor progression. Of course, specific DR mechanisms still need to be explored. How to solve DR is one of the experimental directions in the future.

Discussion
==========

Since precision medicine has become the hotspot of cancer therapy, multifarious molecular targets turn into crucial objects of study and the discovery of a specific target can be a breakthrough in antitumor research. Detection of VEGF signaling promoted the comprehension of the mechanism of angiogenesis.[@b5-ott-11-4137],[@b70-ott-11-4137],[@b72-ott-11-4137] Today, the agents that target VEGFR are being increasingly developed and put into use. Compared to drugs that target VEGFR-1, the antiangiogenesis ability of apatinib, which targets VEGFR-2, is affirmative.[@b17-ott-11-4137],[@b25-ott-11-4137],[@b73-ott-11-4137] Apatinib has been experimentally used in many cancer types and has proven to be a promising treatment in preclinical and clinical trials. For the moment, it has been shown that the curative effect of apatinib is slightly better than that of other antiangiogenic drugs such as ramucirumab, bevacizumab, and sunitinib.[@b39-ott-11-4137] In addition, apatinib can reverse the MDR caused by EGFR-TKIs and ABC proteins,[@b34-ott-11-4137] and it has a positive safety profile. Therefore, apatinib can be a promising treatment for different advanced cancers. Currently, extensive Phase II studies regarding different tumors are being conducted, and they will provide more detailed and accurate supporting data on the clinical application of apatinib.

However, there are a few issues that still require clarification.

First, the specific pathological make-up of the participants and the previous treatment plan are inexplicit.[@b18-ott-11-4137] In fact, the effect of treatment will be influenced by these two factors. It is necessary to make it clear which type of pathological patient is more sensitive to treatment and whether the previous treatment plan has influence on subsequent medications. These detailed data are helpful to guide future patient selection, so they should be collected in subsequent trials.

Second, there are no clear biomarkers used to predict patient response to treatment and to determine prognosis. Every mature treatment program has corresponding biomarkers to evaluate the current status of patients. This is very important for the adjustment of individualized treatment plans. Therefore, researchers need to carefully analyze the changes in each indicator during treatment and identify the characteristic indicators. As mentioned earlier, early ARs may be a potential biomarker.[@b61-ott-11-4137] In addition, biomarkers for other antiangiogenic drugs have been proposed, such as circulating markers and single-nucleotide polymorphisms,[@b62-ott-11-4137] but whether those biomarkers specifically relate to apatinib needs requires further exploration.

Third, patients' quality of life should be taken seriously. In current times, patients and their families have an urgent need to improve quality of life. Doctors can no longer use therapeutic effects as an evaluation indicator for treatment; they also need to be responsible for patient mental health, social skills, and quality of life. How to achieve the best therapeutic effect while minimizing adverse drug reactions is the goal of further research. In addition to hematologic concerns, cardiac toxicity is also a common serious AR of antiangiogenic drugs.[@b74-ott-11-4137],[@b75-ott-11-4137] Although the incidence of cardiac toxicity is low in apatinib treatment,[@b18-ott-11-4137] the mechanism in this area needs further elucidation in order to properly solve the problem.

Fourth, the cost-effectiveness for the patient needs to be considered. A study developed a Markov model to assess the incremental cost-effectiveness ratio of apatinib to placebo. The study found that apatinib was currently not a cost-effective option for GC patients in China in whom second-line chemotherapy had failed.[@b76-ott-11-4137] However, the efficacy of apatinib was not inferior to that of ramucirumab (another VEGFR-TKI approved by the US Food and Drug Administration for advanced GC), and apatinib was an oral agent, which would also reduce costs. Therefore, apatinib is still a good option due to its positive clinical value. In addition, a charitable assistance program, the China Pharmaceutical Innovation and Research Development Association (PhIRDA) is underway, which greatly reduces the financial burden on patients.[@b76-ott-11-4137] The improvement of incremental cost-effectiveness ratio can be achieved through value-based pricing or increasing the effect of the therapeutic regimen. Therefore, new assistance programs or medical insurance are expected. Furthermore, multidisciplinary treatment is a promising means in oncotherapy. More research is required to explore the optimal therapy, such as the combination of apatinib and other antitumor drugs or therapy methods. We look forward to finding an effective way to maximize the benefit to patients.

Conclusion
==========

Apatinib is now acknowledged as a novel oral small-molecule TKI in China. Due to antiangiogenesis activity, it could be applied to a variety of solid tumors. Currently, several studies are in progress, and many of them suggest that apatinib has good efficacy and safety in clinical trials. The ARs are tolerated, compared with other target agents, and the majority of them can be managed. Therefore, apatinib is a viable choice for the treatment of solid tumors.
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###### 

Efficacy of different antiangiogenic drugs in advanced gastric cancer

  Drugs                                                  n     Median PFS (months)   Median OS (months)   ORR (%)        SD (%)         DCR (%)        Reference
  ------------------------------------------------------ ----- --------------------- -------------------- -------------- -------------- -------------- --------------------
  Sunitinib                                              78    2.3                   6.8                  2.6            32.1           34.7           [@b77-ott-11-4137]
  Regorafenib vs placebo                                 147   2.6 vs 0.9            5.8 vs 4.5           \\             \\             \\             [@b78-ott-11-4137]
  Ramucirumab vs placebo                                 355   2.1 vs 1.3            5.2 vs 3.8           3.4 vs 2.6     45.4 vs 20.5   48.8 vs 23.1   [@b60-ott-11-4137]
  Apatinib vs placebo                                    267   2.6 vs 1.8            6.5 vs 4.7           2.8 vs 0       42.1 vs 8.8    44.9 vs 8.8    [@b18-ott-11-4137]
  Sorafenib + oxaliplatin                                40    3                     6.5                  2.8            47.2           50.0           [@b79-ott-11-4137]
  Bevacizumab + chemotherapy vs placebo + chemotherapy   517   6.7 vs 5.3            12.1 vs 10.1         46.0 vs 37.4   29.9 vs 30.3   75.9 vs 67.7   [@b80-ott-11-4137]
  Ramucirumab + paclitaxel vs placebo + paclitaxel       665   4.4 vs 2.9            9.6 vs 7.4           27.9 vs 16.1   52.1 vs 47.5   80.0 vs 63.6   [@b81-ott-11-4137]
  Ramucirumab + FOLFOX vs placebo + FOLFOX               168   6.4 vs 6.7            11.7 vs 11.5         45.2 vs 46.5   39.3 vs 20.2   84.5 vs 66.7   [@b82-ott-11-4137]

**Notes:** "\\'' not available. Because there are few targeted drugs for gastric cancer, this summary chooses Phase II or III trials of antiangiogenic drugs with or without chemotherapy in advanced gastric cancer. In terms of comparison, the standard is based on their ability to prolong PFS, OS, or control disease compared to its own control group.

**Abbreviations:** DCR, disease control rate; ORR, overall response rate; OS, overall survival; PFS, progression-free survival; SD, stable disease.

###### 

The efficacy of apatinib in different trials

  Trial                                                   Placebo   Apatinib                            
  ------------------------------------------------------- --------- ---------- ----------------- ------ ------
  Gastric cancer                                                                                        
   Phase II[@b40-ott-11-4137]                             2.50      1.40       850 mg/day        4.83   3.67
  425 mg/bid                                              4.27      3.2                                 
   Phase III[@b41-ott-11-4137]                            4.7       1.8        850 mg/day        6.5    2.6
  Breast cancer                                                                                         
   TNBC[@b19-ott-11-4137]                                                      500 mg/day        10.6   3.3
   MBC[@b45-ott-11-4137]                                                       500 mg/day        10.3   4.9
  Lung cancer                                                                                           
   NSCLC[@b20-ott-11-4137]                                                     500 mg/day        6.0    4.2
   EGFR wild type[@b52-ott-11-4137]                                            250--500 mg/day          4.4
   Esophageal squamous cell carcinoma[@b21-ott-11-4137]                        500 mg/day        7.0    3.8

**Abbreviations:** bid, twice daily; EGFR, epidermal growth factor receptor; MBC, metastatic breast cancer; NSCLC, non-small-cell lung cancer; OS, overall survival; PFS, progression-free survival; TNBC, triple-negative breast cancer.

###### 

Ongoing clinical trials with apatinib

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Conditions                           Identifier    Phase                                         Design                                         Agents                      State
  ------------------------------------ ------------- --------------------------------------------- ---------------------------------------------- --------------------------- ------------
  Gastric cancer                       NCT03333967   --                                            Real-world study                               Apatinib                    Recruiting

  NCT03271073                          II            Open label: single group assignment           Apatinib and S-1                               Recruiting                  

  NCT03229096                          II            Open label: single group assignment           Apatinib and XELOX                             Recruiting                  

  NCT03144843                          II            Double blind, multicenter\                    Apatinib and paclitaxol                        Recruiting                  
                                                     Randomized parallel assignment                                                                                           

  NCT03007446                          II            Open label: single group assignment           Apatinib, oxaliplatin and S-1                  Recruiting                  

  Breast cancer                        NCT03086785   II                                            Open label: multicenter, observational study   Apatinib and capecitabine   Recruiting

  NCT03348098                          II            Open label: single group assignment           Apatinib and paclitaxel                        Recruiting                  

  NCT02768415                          II            Open label: single group assignment           Apatinib and oral vinorelbine                  Recruiting                  

  Lung cancer                          NCT02995187   II                                            Open label: single group assignment            Apatinib                    Recruiting

  NCT03164694                          II            Open label: randomized parallel assignment    Apatinib, pemetrexed, and carboplatin          Recruiting                  

  NCT03256721                          II            Double-blind randomized parallel assignment   Apatinib, docetaxel, and pemetrexed            Recruiting                  

  Esophageal squamous cell carcinoma   NCT03251417   II                                            Open label: single group assignment            Apatinib and irinotecan     Recruiting

  Nasopharyngeal carcinoma             NCT03180476   II                                            Open label: single group assignment            Apatinib                    Recruiting

  Osteosarcoma                         NCT02711007   II/III                                        Open label: single group assignment            Apatinib                    Recruiting

  Intrahepatic cholangiocarcinoma      NCT03251443   III                                           Open label: single group assignment            Apatinib                    Recruiting
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

###### 

The safety of apatinib for GC

  Adverse effect          Apatinib (n=176)   Placebo (n=91)                              
  ----------------------- ------------------ ---------------- ---- ----- ---- ------ --- -----
  Proteinuria             84                 47.7             4    2.3   15   16.5   0   0
  Leukopenia              71                 40.3             3    1.7   8    8.8    0   0
  Neutropenia             66                 37.5             10   5.7   9    9.9    1   1.1
  Hypertension            62                 35.2             8    4.5   5    5.5    0   0
  Hand--foot syndrome     49                 27.8             15   8.5   2    2.2    0   0
  Elevated transaminase   49                 27.8             14   8.0   20   22.0   4   4.4
  Anemia                  44                 25.0             11   6.3   22   24.2   4   4.4
  Thrombocytopenia        44                 25.0             5    2.8   6    6.6    1   1.1
  Hyperbilirubinemia      43                 24.4             13   7.4   13   14.3   6   6.6
  Fatigue                 36                 20.5             5    2.8   13   14.3   2   2.2
  Bleeding                35                 19.9             6    3.4   22   24.2   7   7.7
  ALP increased           35                 19.9             5    2.8   14   15.4   0   0

**Note:** Data from Li et al.[@b18-ott-11-4137]

**Abbreviation:** ALP, alkaline phosphatase.
